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Abstract. Methods for determination of vitamin C from two used matrices -honey and bee 
pollen– by liquid chromatography coupled with UV-Vis diode array detector have being established. 
Separation was performed on a C18 column, using an isocratic 1% (v/v) formic acid in water as 
mobile phase. Meta-phosphoric acid was used as extraction solvent, each matrix following different 
sample preparation steps. The proposed methods were applied after their validations on the analysis of 
50 honey and 25 bee pollen samples from Romania with different botanical origin and harvest years. 
Vitamin C concentration found in fresh bee pollen samples was significantly higher than the content in 
samples from previous years. Vitamin C may be used as important freshness indicator. In honey   
vitamin C content is not entirely dependent of storage period, but also by botanical origin of the 
samples. The developed method proved to be sensitive, accurate and without interfering compounds.  
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INTRODUCTION    
 
  Ascorbic acid, a representative of water-soluble vitamins group, can be synthesized 
by plants and by many mammals, but not by men, and it is present in small quantities in food, 
being indispensable for life, health and physical and daily activity (Gahler et al., 2003). 
Although vitamin C is a minor constituent of honey and bee pollen, the development of 
methods for the determination of this analyte has received increasing attention, because it acts 
as antioxidant against a variety of diseases and play many physiological roles (Frenich et al., 
2005). Involved in the synthesis of collagen, vitamin C is important for bone, cartilage and 
tooth and for the healing of wounds. It also promotes the re-absorption of iron in the intestine 
and reduces the production of nitrosamines, which might cause cancer (Ullah et al., 2012). 
Also the content of ascorbic acid can provide information about botanical origin of honey and 
bee pollen (Ciulu et al., 2011).  
Vitamin C analysis is one of the indicators more often used to give the nutritional 
quality of a food since it is very vulnerable to chemical and enzymatic oxidation, accelerated 
further by factors such as light, oxygen or heat (León-Ruiz et al., 2013). The literature 
presents different analytical techniques for the determination of vitamin C in various food 
matrices using titrimetry (Pereira de Melo and Almeida Muradian, 2010), spectrometry (Arya 
et al., 2001) and liquid chromatography (LC) that are now preferred choice. LC method 
involve different detection systems such as UV detection (Bendryshev et al., 2010; Ciulu et 
al., 2011; Engel et al., 2010; Golubitskii et al., 2007; Hernández et al., 2006; León-Ruiz et 
al., 2011; Ullah et al., 2012), fluorimetry (Chen et al., 2009; León-Ruiz et al., 2013), mass-
spectrometry (Chen et al., 2009; Frenich et al., 2005) and tandem mass-spectrometry (Gentili 
et al., 2008). 
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The main purpose of this work has been to develop a selective and sensitive HPLC 
method for the rapid identification and quantification of vitamin C from two matrices -honey 
and bee pollen- with efficient removal of potentially interfering compounds. Then, the 
applicability of proposed analytical methodology has been verified for a significant number of 
honey and bee pollen samples from Romania. 
 
MATERIALS AND METHODS 
 
Samples. Fifty honey samples of different botanical origin types were obtained from 
honey producers of some locations from Romania over three years: 2011 –3 raspberry, 2 
thyme, 2 linden, 2 honeydew, 1 acacia, 1 multifloral, 1 heather, 1 mint, 1 sunflower, 1 rape; 
2012 - 5 rape, 5 sunflower, 3 honeydew, 2 raspberry, 2 multifloral, 1 acacia, 1 heather, 1 mint 
and 2013 –5 sunflower, 5 rape, 4 multifloral, 1 acacia. All samples assigned declared 
botanical origin and were stored in glass containers, at 4ºC until analysis. 
Twenty-five samples of fresh bee pollen from different sources and locations from 
Romania were directly provided by the beekeepers during 2011-2013: 11 samples from 2011, 
3 samples from 2012 and 11 samples from 2013. The bee pollen samples were kept at -10ºC 
until analysis. 
Extraction of vitamin C. Compared with other water-soluble vitamins, in the case of 
vitamin C, the preservation of its integrity during the analytical procedures is one of the most 
important issues. Metaphosphoric acid is the most widely used extraction solvent to remove 
the vitamin C with a high rate of recovery from the sample and provide stability to the 
extracted vitamin, to other acids (Eitenmiller and Ye, 2003). 
Honey sample preparation based on the described procedure by León-Ruiz et al. 
(2011). Five grams of homogenized honey were dissolved in 25ml of 2% (w/v) HPO3, then 
filtered through a paper filter and prior to injection in the chromatographic system, filtered 
again through a 0.2µm cellulose acetate (CA) membrane filter. 
For bee pollen sample an adapted procedure from extraction of vitamin C from 
cereal, cacao and fruit juice was used (Engel et al., 2010). Flow chart of sample preparation 
was: weighing of 2g of ground fresh bee pollen into a 15ml centrifuge tube; brought to 15ml 
with 2% (w/v) metaphosphoric acid solution; sonication 10min, centrifugation at 4100g for 
15min; filtering of supernatant through a 0.45µm CA membrane; transfer 5ml of filtrate into 
amber flask and adding 2.5ml of 1% (w/v) L-cystein solution; stirring magnetically; pipetting 
180µl of 1:5 diluted ammonia solution in order to adjust to pH into the range 7.0-7.2; stirring 
5min; adding 700µl 20% (w/v) metaphosphoric acid solution for decreasing the pH to 2.5-2.8; 
filtering the final extract through a 0.2µm CA membrane into the autosampler vial. 
Chromatographic analysis. HPLC analyses were carried out on an LC-10A VP 
system (Shimadzu, Kyoto, Japan) equipped with a binary pump, an autosampler, a vacuum 
degasser, a thermostatic oven for column and a diode array detector. Chromatographic 
separation was achieved on a Discovery C18
 
column (250mmx4.6mm I.D., particle size 5µm) 
in isocratic mode, with a mobile phase of 1% (v/v) formic acid in water at pH 2.5. The flow 
rate was 0.9 ml/min and the detection wavelength was set at 246nm. The injection volume 
was 20µl for honey and 10µl for bee pollen samples.  
Stock standard solution (1mg/ml) was prepared by dissolving 10mg of vitamin C in 
10ml of 2% (w/v) HPO3 solution and stored in darkness at 4ºC. Working standard solutions 
were prepared daily by successive dilutions. 
The determination of vitamin C has been carried out by the external standard 
method. The range of concentrations of vitamin C used to perform the calibration curve was 
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different for the two matrices. In order to validate the analytical method, the following 
parameters were studied: linearity, sensitivity and accuracy. 
 
RESULTS AND DISCUSSIONS     
 
Proposed method involves a rapid extraction procedure that minimizes analyte 
exposition to light, air and heat, which ensure stability of vitamin C.  
The rate of vitamin C degradation is maximal at pH 4 and minimal at pH 2 (Gentili et 
al., 2008). For this reason, extraction medium and mobile phase pH was established at 2.5. 
Metaphosphoric acid solution used prevents the oxidation of ascorbic acid to dehydroascorbic 
acid, while L-cysteine was added to the sample extract to convert dehydroascorbic acid into 
its reduced form. 
Acquisition time was short, the retention time for vitamin C being 3.88 min. Figure 1 
shows the chromatograms corresponding to vitamin C standard (a), a honey sample (b) and a 
bee pollen sample (c). 
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Fig. 1. Chromatograms of a vitamin C standard (a), a honey sample (b), a bee pollen sample (c) 
                                                                       
Calibration curves were obtained by injecting different concentrations of vitamin C 
standards in the range of 0.1mg/l -25mg/l for honey and 1mg/l -200mg/l for bee pollen, based 
on peak area signal and theoretical concentration. Good linearity for the entire studied 
concentration intervals was obtained. The regression coefficient R2 was above 0.998. The 
method has a good sensitivity with a detection limit (LOD) 0.1mg/l and 0.25mg/l 
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quantification limit (LOQ) value. Tle LOD was calculated as mean concentration+3times 
standard deviation; and LOQ as mean concentration+5.6 times standard deviation. The 
accuracy of the method was evaluated by recovery determination using samples of the two 
matrices spiked with known amounts of the vitamin C. Recovery mean of ascorbic acid in 
honey was 99% and in bee pollen 96%. 
In order to obtain correct quantifications, a photodiode array detector was used, 
which allows registration of all wavelengths continuously, giving also information about peak 
purity, identified at the same retention time as vitamin C. By spectrum registering is possible 
to determinate the optimum wavelength for detection of vitamin C at high sensibility. 
Table 1 summarizes the results for vitamin C concentration found in 50 honey 
samples with different botanical origin and harvest years. 
 
Tab. 1  
Content of vitamin C in honey samples 
 
2011 2012 2013 
Origin Vitamin C (mg/kg) Origin 
Vitamin C 
(mg/kg) Origin 
Vitamin C 
(mg/kg) 
Honeydew 29.50 Mint 37.00 Rape 3.80 
Honeydew 12.39 Raspberry 20.22 Rape  <0.10* 
Raspberry 24.70 Raspberry 13.30 Rape <0.10* 
Raspberry 6.65 Honeydew 18.50 Rape <0.10* 
Raspberry 4.18 Honeydew 7.00 Rape <0.10* 
Mint 4.12 Honeydew 6.18 Multifloral 2.46 
Linden 2.37 Sunflower  4.61 Multifloral 1.16 
Linden <0.10* Sunflower 3.03 Multifloral  <0.10* 
Thyme 1.90 Sunflower  1.66 Multifloral <0.10* 
Thyme <0.10* Sunflower (n=2) <0.10* Sunflower  1.50 
Heather 1.60 Multiflower 1.72 Sunflower 0.72 
Sunflower 0.76 Multiflower <0.10* Sunflower <0.10* 
Acacia <0.10* Heather 0.93 Sunflower <0.10* 
Rape <0.10* Acacia <0.10* Sunflower <0.10* 
Multiflower <0.10* Rape (n=5) <0.10* Acacia 0.71 
*below detection limit of method 
 
According to Table 1, it can be observed that not in all honey samples, vitamin C 
was identified, otherwise in accordance with literature studies (Ciulu et al., 2011).  
The present study as well as other data, state that honey is not an important source of 
vitamin C, low levels being found in rape, acacia and sometimes multifloral. It can be 
observed that storage period is not the predominant factor for lack of vitamin C, from 15 
samples harvested in 2011, in 5 of them vitamin C was absent or below the detection limit. 
From 20 samples of 2012, in 7 vitamins C was not detected, and from 15 samples harvested in 
2013, 9 did not present vitamin C. However, to have a better and correct comparison, same 
types of honey samples must be kept in similar conditions and analyzed for the same 
compounds.  
In our study, honeys with high amounts of vitamin C were: mint (4.12-37 mg/kg), 
raspberry (4.18-24.7 mg/kg) and honeydew (6.18-29.5 mg/kg). Leon-Ruiz et al. (2011) found 
high content of vitamin C in thyme honey (570 mg/kg). In our study, 2 samples of thyme 
were analyzed, one of them with low content of vitamin C (1.90 mg/kg) and one without 
vitamin C. Contradicting results may be resolved by exact botanical origin determination of 
honey samples.  
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Sunflower honey is also not a good source of vitamin C, in most of the samples 
harvested in 2013 this vitamin has not been determined, or very low amounts were found.  
Unlike honey, bee pollen is richer in vitamin C having a better antioxidant effect. 
Amounts of the vitamin C found in analyzed bee pollen samples are reported in Table 2. 
 
Tab. 2 
Content of vitamin C in bee pollen samples 
 
Harvest 
years 
Number of 
analyzed 
samples 
Number of samples 
positive for vitamin 
C 
Concentration range 
(mg/kg) 
Average concentration 
(mg/kg) 
2011 11 3 2.88 - 5.57 4.49 
2012 3 2 10.6 - 12.8 11.7 
2013 11 11 44.40 - 1237.02 376.52 
 
Vitamin C is present in all fresh samples of bee pollen collected in 2013, it 
concentration ranging from 44.40mg/kg to 1237.02mg/kg. This large variation between the 
minimum and maximum values is due to the variation of the botanical source of pollen and 
different collecting season. Literature data report similarly results but in a narrow interval. 
This fact may be explained by the nature of samples from other regions with variety 
conditions of soil, weather and botanical species (Oliveira et al., 2009). Regarding bee pollen 
samples from previous years it can be observed that the content of vitamin C decreases 
drastically, missing in 9 samples. In conclusion, ascorbic acid loose when fresh bee pollen is 
frozen. Explanation of this is the high contain of water from fresh bee collected pollen (20%-
30%). This humidity determinate the vitamin C destroys by oxidation, so for preservation of 
maximum quality, freeze-drying of bee pollen by lyophilisation is recommended. Traditional 
drying methodology into hot-air chambers is not indicated because vitamins are lost due to 
temperature. 
After pollen processing, storage at -20ºC is the most efficient condition for the C and 
other vitamins conservation (Campos et al., 2008, 2010). 
 
CONCLUSION    
 
This method used for identification and quantification of vitamin C from two bee 
products is quick and reproducible ensure an efficient extraction and correct results. 
Antioxidant effect is more pronounced in pollen than in honey. 
Vitamin C from fresh bee pollen samples kept in -20ºC one or two years was 
negatively affected. Vitamin C can be appreciate as an important freshness indicator. For 
honey storage by refrigeration in dark and cool places did not influenced conclusively the 
content of vitamin C. Is possible that vitamin C is more protected by the chemical 
composition of honey (high content of sugars, high osmolarity), different botanical origins 
presenting high amounts of vitamin C even stored for 2 years.  Probably the concentration of 
ascorbic acid from honey is correlated much better with botanical sources and other factors. 
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